ABSTRACT
One factor of the climate change is salinity; it is the most serious stress affect for plant growth (Wassmann et al. 2010 ). Plant growth, physiological and metabolic processes are affected, resulting in significant reduction of crop productivity. About 6.5% (831 million ha) of the world's total land area (12.78 billion ha) is affected by excess salt in soils. Of this, area under sodic soils (alkaline soils) is 434 million ha and 397 million ha are under saline soils (FAO, 2010) . Rice is now grown in over 144 million ha worldwide ; Maclean et al. 2002) and salinity affects one fifth of this area (Negrao et al. 2011; Lang et al. 2008) . Rice genetics and breeding and traits characterization have been studied in many rice growing countries ; Karim et al. 2014 ; Karim et al. 2007 ; Islam et al. 2004 ). In Mekong River Delta (MRD), Vietnam, during the Winter-Spring crop of 2015 -2016, 104,000 ha of rice fields were seriously affected by saline intrusion (occupying 11% of the total area of 8 coastal provinces). In the coming time, this area may increase to about 340,000 ha (DWR, 2018). There are many ways to cope of the effects of salinity. However, strategies combining plant breeding (Karim et al. 2014 ; Karim et al. 2007 ) and suitable crop management, water management, fertilizer recommendation are believed to be as the most effective and economical way to increase rice production in salt affected areas (Sultana et Salinity tolerance in rice, a multi-gene trait, is highly influenced by environmental conditions. Understanding the genetic bases of the diverse traits associated with rice adaptation to salt affected environments provides the basis for improving yield, quality, and sustainability of rice productivity in saline areas. Recurrent backcrossing is a traditional breeding method commonly employed to transfer alleles at one or more loci from a donor to an elite variety (Allard, 1960; Reyes-Valde, 2000) . Applying molecular markers in selection is a modern breeding method increasing the speed of the selection process, thus increasing the efficiency of gene selection per unit of time (Hospital, 2003) . Some previous studies to select rice for salinity tolerance by molecular markers were done (Mondal and Borromeo, 2016; Huyen et al. 2013 ; Thomson et al. 2010 ). Hereditary analysis to evaluate the relationship between or among individuals in a population and parents is also important as well. This will increase the effects of breeding in a shorter time. Mishra et al. (1998) , Ray and Islam (2008) , Asktar et al. (2010) and other researchers had many studies on salinity tolerance in rice based on hereditary index. However, at least in Vietnam, salinity study in rice with a combination of phenotyping, genotyping, and hereditary analysis among population has been still limited. This led that the salinity tolerance of the current rice varieties in the MRD was less stable. For those reasons, the study of the offspring heredity in a rice backcross population was undertaken to consider genetic relationship to improve the efficiency of breeding.
II. Materials and Methods

Materials
A rice backcross population (OMCS2000*4/Pokkali) includes 99 of BC3F2 lines. Check varieties consist of Pokkali (donor, tolerant check), OMCS2000 (recurrent, mega-variety in Vietnam); IR29 (susceptible check). Table 01 . Modified IRRI standard evaluation scoring (SES) system based on the visual symptoms of salt stress injury of rice (Gregorio et al. 1997 Screening rice for salinity tolerance in the greenhouse at seedling stage was done according to the method of Gregorio et al. (1997) . Pre-germinated seeds of each cultivar were sown in holes made on styrofoam sheets with a nylon net bottom. Two seeds were sown per hole, with 50 holes per entry. The sheets were first floated on distilled water in plastic trays for 3 days, after which a nutrient solution (Yoshida et al. 1976 ) was used until the plants were 7-day old. A control treatment (nutrient solution) and two levels of salt stress were introduced thereafter, with the latter corresponding to electrical conductivities (ECs) of 6 and 12 dS m -1 using NaCl. A randomized complete block design was used with three replications. The culture solution was renewed once with the pH adjusted daily to 5.5 by adding either NaOH or HCl. Parameters related to salinity tolerance (salinity injury (SES score) ( Table 1) , plant height (cm), root length (cm), fresh and dry biomass (mg) were measured at 2 and 4 weeks after the start of the salt treatments for subsequent measurements (or after screening).
Methods
Genotyping was followed to the Minicrep method of IRRI (2011) with two markers (RM3412, RM8094) tightly linked to the Saltol locus at position of 44.9-46.3 cM on chromosome 1. These markers' sequence was designed as:
Data was input and statistically analyzed by Excel, STAR, and R-studio. Hereditary analysis was calculated by using the following formulae:
Genotypic and phenotypic coefficients of variability were estimated according to the Burton and Devane PCV and GCV were classified as suggested by Sivasubramanian and Menon (1973) : low (<10%); moderate (10-20%); high (>20%).
Heritability in broad sense (hBS 2 ) was estimated as per the formulae suggested by Allard (1960) .
The heritability (hBS 2 ) was categorised as suggested by Johnson et al. (1955) : low (0-30%); medium (31-60%); high (>60%).
Genetic advance (GA) was estimated as per formula given by Allard (1960) GA = k × × hBS 2 Where, k = Selection differential at 5% selection intensity which accounts to a constant value 2.06; = Phenotypic standard deviation
Genetic advance over mean (GAM) was calculated using the following formula and was expressed in percentage.
GAM=
The genetic advance as per cent over mean was categorized as suggested by Johnson et al. (1955) : low (<10%); moderate (10-20%); high (>20%).
Times and Places
This study was conducted from January 2018 to July 2018 at CuuLong Delta Rice Research Institute (CLRRI), CanTho, Vietnam.
III. Results
Phenotyping of salinity tolerance in rice at seedling stage In the OMCS2000*4/Pokkali population, 99 of BC3F2 rice lines were screened under 3 salinity conditions (0, 6 and 12 dS m -1 ) at seedling stage. The data of phenotypical parameters were show in Table 2 . Rice lines differently responded to salinity environment, detaily following:
SES score: After 4 weeks of screening, the average of SES was 1.0, 6.8 and 8.1 at 0, 6 and 12 dS m -1 , respectively. In the same concentration of salt, the time rice plants exposed to salinity solution was longer, salinity tolerance of rice lines decreased ( Figure 1 ). At 6 dS m -1 , score of salinity tolerance was 5.8 after 2 weeks of screening and 6.8 after 4 weeks. Similarly, at 12 dS m -1 , the tolerance of rice population reduced from 6.7 to 8.1 after 2 and 4 weeks of screening in turn. The BC3F2 population of OMCS2000*4/Pokkali was tolerant to salinity until 4 weeks at 6 dS m -1 and 2 weeks at 12 dS m -1 . Note: P1: OMCS2000; P2: Pokkali; Min: minimum; Max: maximum; MEAN: average; SD: standard deviation; SE: standard error; CV: coefficient of variation; F: significant level of experiment (* P<0.05, ** P <0.01, *** P <0.001); P-value: Calculated probability-value; S: saline (S-6: saline at 6 dS/m; S-12: saline at 12 dS/m); SES: standard evaluation system for rice (SES-1, SES-3, SES-5: SES score respectively at 0, 6 and 12 dS m -1 after 4 weeks of screening; SES-2, SES-4: SES score respectively at 6 and 12 dS m -1 after 2 weeks of screening)
Plant height: Rice plants developed more slowly under saline water compared to control condition. The average of plant height was 15.7, 13.9, 12.4 cm at 0, 6, 12 dS m -1 , respectively.
Root length: Salinity condition made change of root length. Plant root at control condition (average = 8.8 cm) is longer than at 12 dS m -1 (average = 8.0 cm) but is shorter than at 6 dS m -1 (average = 9.0 cm). Root length was affected by salinity, but its mechanism was complex and difficult to explain.
Biomass: Salinity influenced to plant biomass (fresh biomass and dry biomass). Biomass tended to decrease when salt concentration in nutrition solution increased. At 0 dS m -1 , biomass was better than one at 6 dS m -1 and at both of these concentrations was more sufficient biomass than 12 dS m - Based on the result of phenotyping in BC3F2 lines of the OMCS2000*4/Pokkali population, their tolerant ability to salinity was improved compared to the mother plant (OMCS2000). In which, 21/99 lines were more tolerant to salinity than the others. Almost of these lines had smaller SES score than score of 5 at Correlation among traits related to salinity tolerance in rice Correlation among traits related to salinity tolerance was different in each environment (Figure 04 ). At control condition (0 dS m -1 ), among principal components (PC), PC1 and PC2 as the principal components of highest significance could explain 69.82% of the phenotypic variance. They linked to biomass (PC1) and plant height (PC2). SES score at this condition was not significant at 0 dS/m. However, at both 6 and 12 dS m -1 , the highest significant principal components related to SES score and biomass and explained 74.26% and 76.58% in turn. SES scores were negatively correlated to almost all other traits. They were strongly related to biomass, moderately associated to plant height, and lowly correlated to root length. Inheritance patterns of the OMCS2000*4/Pokkali backcross population at BC3F2 generation Genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability in broad sense (hBS 2 ), and genetic advance over mean (GAM) were calculated based on phenotypic values of the OMCS2000*4/Pokkali population (Table 4) . Note: Control: saline condition at 0 dS m -1 ; S-6: saline condition at 6 dS m -1 ; S-12: saline condition at 12 dS m -1 ; SES: standard evaluation system for rice (SES-1, SES-3, SES-5: SES score respectively at 0, 6 and 12 dSm -1 after 4 weeks 
Active variables
Active observations 
Active observations of screening; SES-2, SES-4: SES score respectively at 6 and 12 dS m -1 after 2 weeks of screening); GCV: genotypic coefficient of variation; PCV: phenotypic coefficient of variation; hBS 2 : heritability in broad sense; GAM: genetic advance over mean.
GCV and PCV: the high range of variability (>20%) was at SES-2, SES-3, SES-4, and fresh biomass. Other traits were moderate at GCV and PCV (10-20%).
Heritability (hBS 2 ): heritability of almost traits fluctuated from moderate to high (54-97%), however, dry biomass was very low at this value (<10%).
GAM: almost of traits were high at GAM, exception of dry biomass. GAM of biomass was moderate.
IV. Discussion
Rice plants presented the changes of growth under saline condition during the seedling stage. Morphological traits affected by salinity included SES score, plant height, root length, fresh and dry biomass. For SES score, after two or three days of salinization, salt stress symptoms were started (Bonilla et al. 2002) . Salt tolerant seedlings were distinguished from the sensitive seedlings when grown in salinized condition. Salt concentration of environment was higher, salinity score of rice lines or plant survival was lower (Figure 1 ). This was reported by some previous research ( Selecting the best individuals is important target in a breeding program. In the simplest case, individuals with a large phenotypic value will be selected in order to increase the mean value of that trait in the next generations. In fact, the economic value of a new variety depends on many different traits. When evaluating a simple trait, there are many sources of information about the candidate's genetic value. However, only the phenotypic value of its relatives can be detected. This information improves the precise predictions of the phenotypic value of individuals. Calculation of selection index is known as the method of collecting information from relatives. The theory of selection index was previously studied (Bulmer, 1985; Lin, 1978; Nicholas 1987; Meena et al. 2017 ).
The analysis of variance (Table 2) showed that highly significant differences (***) among the genotypes for most of the traits. That indicated sufficient variability existing in the present materials. However, the absolute variability in different traits does not permit identification of the traits with the highest degree of variability. Therefore, PCV and GCV values were estimated to measure the range of variability. The GCV and PCV values of all traits (>10%) were from moderate to high at significant level (Table 4) were slightly higher than the respective GCV for all the traits, exception of dry biomass. This denoted little influence of environmental factors on expression of almost traits, but, dry biomass was highly affected. Under stress, the variable range of SES score and fresh biomass was highest (>20%). In SES score trait, SES-5 (< 20%) was smaller at the range of variability than other SES scores (>20%). This can be explained that almost plants were susceptible or completely died at 12dSm -1 after 4 weeks of screening. For biomass, while the difference between PCV and GCV values of fresh biomass was small, these values of dry biomass were bigger. This was considered that dry biomass was really influenced by environment. Plant height and root length were moderate at the range of variability.
Results on heritability and genetic advance as GAM showed that heritability estimates were high for almost traits (Table 4) . This suggested the greater effectiveness of selection due to less effect of environment and improvement to be expected for these traits in further breeding program. Falconer (1982) and Johnson et al. (1955) reported that high heritability and high genetic advance were more useful than heritability alone in predicting the resultant effect during selection of best individual genotype. Genetic advance is the measure of genetic gain under selection and expression in proportion of mean. Traits with high heritability and genetic advance included SES-2, SES-3, SES-4, plant height, root length, and fresh biomass, in which, fresh biomass was the best. These traits were predicted to be effective traits for selection of salinity tolerance in the OMCS2000*4/Pokkali population at seedling stage. In the other hands, dry biomass was very low at the value of heritability and genetic advance. This indicated that this trait was difficult and not effective to select, especially at early generations. Gregorio and Senadhira (1993) and Singh et al. (2010) also concluded that if the heritability of the trait is low to moderate, the breeding population must be large and selection for tolerance must be performed in later generations under salt stress in controlled conditions.
All the whole, for selecting of salinity tolerance in rice at seedling stage, SES-2, SES-3, SES-4, and fresh biomass were the most traits. Simple selection based on phenotypic performance of these characters would be more effective (Sajjan et al. 2016 ).
V. Conclusion
The backcross population of OMCS2000*4/Pokkali in BC3F2 generation was tolerant to salinity at 6 dS m -1 for 4 weeks and at 12 dS m -1 for 2 weeks. For traits involved in salinity tolerance, SES score and fresh biomass mostly contributed to explain variations. With high variability, heritability and genetic advance, SES-2, SES-3, SES-4, and fresh biomass were considered to be the main salinity-related traits for selection in this population. Among 99 initial rice lines, 21 lines carried Saltol gene were potential in salinity tolerance at seedling stage.
